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@ Pneumatic tires. 



@ A pneumatic tire has a tread compoded of a rubber compositk>n which Includes a rubber component 
and particulates of a crystalline syndlotactic-1,2-polybutadlene resin. The particulates have an average 
particle diameter of 10 to 500 \im, and the melting point of sakj crystalline 8yndlotactlo-1,2- 
pdybutadiene resin is not less than ilO^C. The compounding ratio of the resin is 5 to 60 parts by weight 
relative to 100 parts by weight of the rubber ocmposttton. A nrabtc portion of ttie tread mbber ottier than 
the above particulates Is preferably a foan^ rubber. The particulates way be resin-composite 
particulates composed of the crystalline syndiotactic-1,2-polytxjtadiene resin having a melting point of 
not less than IIO^C and a carbon blade wherein the compounding ratk> of the resln-composite 
particulates is 5 to 60 parts by weight relative to 100 parts by weight of the njbber component, and ttie 
resin and the carbon black satisfy the following inequalities : 250 < X + 10 Y < 1300 in which X is 
nRrogerv-adsorption specific surface area (unit : vr^) and Y Is compounding ratto of ttie carbon black 
(parta by weight) relative to 100 parts by weight of the resin. 
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The present invention relates to pneumatic tires, more particulariy, so-called all season type pn umatic 
tires which have remartcably improved drtvablity, bralcablllty and cornering stabDity on loe and snow roads with- 
out deteriorating oomering stabllty or durability in th summer season. 

Recentiy. demands have been increasing for so-called all season type tires which can be used even in the 

5 winter season, without b ing xchanged, as in the summ r season. Such tires are required to possess sub- 
stantially the same dry gripping power, wet gripping power, oomering stability, durability and low fuel consump- 
tion even in the winter season as well as in the summer season, and also to possess sufficient drivabllity and 
brekablity even on ice and snow. 

A tread rubber used In such tires needs to satisfy requirements for a tread rubber required In the summer 

10 season, and also its hardness at low temperatures needs be lowered. In view of tills, methods have been for- 
merly known to use a polymer having a low glass transition temperature or employ a softener or plasticizer ca- 
pable of appropriataly keeping modulus (^elasticity at low temperatures. 

However, although the fonner method exhibits some Improvement on tire performances In a tee-snow tem- 
perature range due to a hysteresis loss characteristic of such a polymer, brakabDity or oomering stability is un- 

f 5 favorably insufficient on wet or dry roads. The latter method is disclosed in Japanese Patent applicatton i-aid- 
open No. 55-135,149, 58-199.203 or 60-137,945, and it is pointed out that any of the technk^ues of ttiese pub- 
lications has a problem that as compared witii an improved degree of tiie perfbrmances on ice and snow, wear 
resistance or durability on running on general roads are more adversely affected. 

Although relatively excellent tire performances on ice and snow are indeed exhibited on so-called dry-on- 

20 ice conditions, i.e., a relatively low temperature range not more than -S^'C, in any of the above techniques, a 
sufficient coefficient of friction cannot be obtained with respect to t&B performances on ice and snow in a wet 
state near C'C, i.e., in a so-called wet-on-k» conditions. Therefore, it cannot be saM that drivability, brakabilHy 
and oomering stability are fully Improved with respect to the wet-on-tee conditions. 

it Is an object of the present invention to provkJe a pneumatic tire called an all season type pneumatic tire 

25 in a stricOy actual sense, whteh can not only fully maintain oomering stability, durabOity and k>wfuel consumption 
in the summer season but also have satisfoctory drivability and brakabDity both in the dry-on-ice conditions and 
in the wet-on-lce conditions. 

The present Inventors have strenuously Investigated perfbrmances of rubbers of treads of the above- 
mentioned an season or studless tires on ice and snow, particuiariy on ice and snow roads in a wet state, and 

30 have discovered Uiat when a rubber compositfon including particulates of a syndk>tactic-1 ,2-polybutadiene res- 
in having a specifte structure is used as a rubber composition of the tread, tire performances on ice and snow can 
be remarkably improved, wtiQe cornering stabllty, durability, etc. required in the summer season or in mnnlng on 
ordinary roads are not deteriorated. The present Invention has been accomplished based on tills discovery. 
That is, tiie pneumatte tire according to ttie present invention is characterized In that a rubber composition 

35 is used for a tread, whteh mbber composition includes a rubber component and particulates of a crystalline 
syndk>tactic-1 ,2-polybutadiene resin or particulates of specific syndlotactic-1 ,2-polybutadiene resin-oomposite 
material, the particulates having an average particle diameter of 1 0 to 500 ^m and a melting point of saki crys- 
talline syndlotactic-1, 2-poiybutadlene resin being not less than 110**C, and a compounding ratio of tt^e resin 
being 5 to 60 parts by weight relative to 100 parts by weight of ttie rubber component The njbber component 

40 constituting a matrix portion of ttie tread rubber other than ttie above particulates is preferably a foamed rubber, 
in this case, it is confinmd that the tire perfbrmances on ice and snow can be further improved. 

Further, the object of the present invention is attained by the pneumatic tire which uses, as a tread rubber, 
a rubber compositten Including a rubber component and resin-composite particulates having the average par- 
ticle diameter of 10 to 500 ^m and composed of a crystalline syndiotactic-1 .2-potybutadlene resin having a melt- 

45 Ing point of not less than 1 1 0^C and a carbon black, a compounding ratio of the resin-oomposlte particulates 
being 5 to 60 parts by weight relative to 100 parts by weight of tiie rubber component, and the resin and the 
carbon black satisfying tiie following inequations: 250 < X 10 Y < 1300 in which X is a nitrogen-adson^)tion 
specific surface area (unit: m^/g) and Y Is the compounding ratio of the carbon black (parts by weight) relative 
to 100 parts by weight of the resin. According to this pneumatic tire, ttie rubber component constituting a matrix 

so portion of the tread rubber oomposed of the at)ove rubber composition ottier than the resin-composite partic- 
ulates is preferably a foamed rubber. 

The frst aspect of the present invention will be now explained in more detail. 

First the average particle diameter of the particulates of the syndtetactic-1 ,2-polytHitadiene resin used in 
ttie present invention needs to be in a range of 10 to 500 pm. The reason is that If the average particle diameter 
55 is I ss than 10 \m, tire perfonmances n ice and roads as aimed at by ttie present invention are not sufFici nt 
Ontheotti r hand, if the average partide diameter is more than 500 pm, although some eff ctsar r cogncEed 
with rasp ct to ttie tire p rfonmances n tee and snow, it b undesirabi because other performances such as 
wear resistance also required for the tire are deteriorated. The 8yndiotactio-1,2-polybutadlene resin used In 
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the present invention needs to k>e in th particulate forni. The av rage ratio M between the nnajor axis and the 
mfnor axis of the resin particulatas Is preferably not nr^ora than 6, more prefsrably not more than 4, In the state 
that the resin is kneaded into the rubber composition and when the ma| r axis and the minor axis are measured 
as viewed in a circumferential section or a radial section oi the freed. That Is, in order to improve drivability or 

5 brakabii^ on ice and snow, ft Is required that the syndi tactio-1 ,2*pofybutadiene resin is dispersed in the rubber 
composition In the particijlaie form, not in the fomi of microoiganlc pile fIberB. 

The 8yndiotactk>-1 .2-polybutBdiene rssfn has usually crystaOlnity. In the present Inventioa the crystalline syn- 
diotactio-1 ^-polytxitadiene resin has a melting point of not less than 1 1 0^C. The rsason is that tf the melting point 
is less than 1 1 0^, the resin is softened, defonmed or partialiy or entirely melted when the resin is added and ioieaded 

10 into the rubber component on compounding. Thus, since the deslrsd average particle diameter cannot be main- 
tained, improved tire performances on ice and snow as aimed at by the present invention disappear. 

Further, it la neoeseary that 5 to 60 parts by weight of the above syndiotactio-1,2-polyiNJtadiene resin is 
tnoorporated In the mbber composition for the tread of the pneumatic tire of the present Invention rslathre to 
100 parts by weight of the rubber component The rsason is that if the compounding ratio is less than 5 parts 

15 by weight improved performances on ice and snow as desired can almost hardly be attained, whereas If nK>re 
than 60 parts by weight of the resin '» incorporated relative to 100 parts of the rubber component other tire 
perfomiances such as wear resistance are not only deteriorated, but aleo processablity during the production 
of the tire ts largely deteriorated, thereby rendering the pneumatic tire actually Impractical. 

In ttie present invention. It is unnecessary to limit ttie kind of the rubber component constituting the rubber 

20 composition in which the syndtotactic-1 ,2-poly butadiene resin is incorporated as well as the kinds of a fSler and 
other chemical to any specific ones, and ordinary rubber, fOler, chemical, etc nuiy be employed. 

For example, as the njbber component natural rubber, pdyisoprene rubber, poiybutadiene rubber, styr- 
ene-butadlene copolymer mbber, styrene-Isoprenebutadlene terpolymer, styrene-lsoprene copolymer rubt>er, 
and isoprene-butadlene copolymer rubber may be redted. The rubber composition used In the tread may in- 

25 dude a filler, an antioxidant a vulcanizing agent a vulcanizatran accelerator, etc. The kinds and the anriounts 
of these additives nuiy be selected antong the ordinary ranges, and are not limited to any specific ones. 

According to the present Invention, it Is preferable that the tread rubt>er has dosed cells at a foaming rate 
of 3 to 35 %. Such dosed cells are effective In exhibiting excellent performances on Ice and snow through in- 
creasing microscopic water absorption-drainage effect due to tiie ceils in a stats that ice is abundant with water 

30 melted on its surface near X. The foaming may be effected either by using a foaming agent by or mixing with 
a gas under high pressure. If the foaming rate is less than 3%, the foaming effect cannot be sufTidenUy exhibited. 
On the other hand, if tiie foaming rate is more tiian 35%, the rigidity of the tread becomes insuffident In this 
case, wear resistance lowers and occun'ence of cracks on bottoms of grooves becomes greater. 

The foaming rate Vs of the foamed rubber is expressed by ttie fdlowing formula: Vs = {(po - pt)/(pi - Pq) - 

35 1} X 100(%) »• (1) In which pi is a density of the foamed rubber (g/cm^). po is a density of a solid phase of the 
foamed rubber (g/cm*), and pg Is a density of a gas phase insMe ttie cells In ttie foamed rubber (g/cm^). The 
foamed rubber is constituted by the solid phase, and voids (dosed cells) defined by the solid phase, ttiat is, a 
gas phase inside the cells. The density pg of the gas phase Is extremely small, l.e., almost near zero, and is 
extremely far smaller than the density p^ of the solid phase. Therefore, the akxive fonmula (1) may be approxl- 

40 mated to Ve = {(po - pi) - 1} x 100(%). 

In the pneumatk: tire according to the present invention, ttie ordinary rubber or foamed rubber composition 
In which the above-mentioned syndiotactic-l ^-pdybutadiene resin is incorporated may be arranged In a cap 
portion of tiie tread having a cap-and-base constmction. 

Next the second aspect of the present Invention wDl be explained In more detaD. 

45 As mentioned above, the syndlotactic^1.2-pdybutadiene resin also employed in the second aspect of the 
present Invention usually has crystalllnlty. The crystalline resin needs to have ttie melting point of not less than 
IIO^C. The rsason Is that if the melting point is less tiian 1 lO^'C, the resin is softened, deformed or partially or 
entirely melted when the resin is added and kneaded into the rubt>er component on compounding. Thus, since 
ttie desired average partide diameter cannot be maintained, improved tire performances on Ice and snow as 

50 aimed at by the present Invention disappear. 

Further, It is undesirable ttiat (X 10Y) Is smaller ttian 250, because desired hardness of ttie resin-com- 
posite particulates cannot be obtained, so that intended performances on ice and snow cannot be obtained. 
On the other hand. It Is undesirable ttiat (X ^ 10Y) Is greater than 1 300. because processablity is conspicuously 
deteriorated during the production of ttie resln-composlte particulates. 

55 Furttienmor . tti av rag partid diam tsroftti particulates of ttie syndi tactio-1.2-polybutadlene resin 
used in tti present invention n ed to b in a rang of 10 to 500 ^m. The reason is ttiat if tti av rag particle 
diameter is less ttian 10 pm, tire perfonnances n ice and roads as aimed at by the pres nt inv nti n are n t 
sufficient On the other hand, If th av rage partid diameter is more than 500 |un, although some effects are 
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recognized with respect to fh tirep rfoimancesoniceandsnow.itisundesiraU because other performances 
such as wear resistance also required for the tire are d tariorated. 

Further, it is necessary that 5 to 60 parts by weight of the composite particulatss of the above syndiotactio- 
1 ,2-poiybutadlene rasin is incorporated in the rubber oomposition for the tread of the pneumatic tire of the pree- 

5 nt inv ntion relative to 100 parts by weight of the rubber oompon nt The reason is that if th compounding 
ratio is less than 5 parts by weight improved peifomnanoes on ice and snow as desired can almost hardly be 
attained, whereas If wore than 60 parts by weight of the resin is incorporated relative to 1 00 parts of the rubber 
component, other tire performances such as wear resistance are not only deteriorated, but also processabiiity 
during the production of the tire is largely deteriorated, thereby rendering the pneumatic tire actually impractical. 

10 The OMnposite particulatss of the syndiotacti&-1 ,2-polybutadiene resin satisfying the above-mentioned re- 
quirements to be used in the present Invention can be produced by the following method by way of example. 

Dewatered benzene, 760 cc, is chaiged into a 2-litar autoclave in which air is replaced by nitrogen gas, 
and 74 g of 1 ,3-butadlene is dissolved Into benzene. To the solution Is added 1 m mol cobalt octoate (a benzene 
solution containing 1 m mol/ml of cobalt octoate), and 1 minute thereafter 2 m mol triethyl aluminum (l)enzene 

15 solution containing 2 m mol/ml triethyl aluminum) is added and stirred. One minute later, acetone is added in 
an appropriate anfUHint to attain a desired ntettlng point Further, one minute later, cart)on dioxide, 0.6 m md 
(benzene solution containing 0.3 m rocUni) is added into the mbdure, which is stirred at 10^ for 60 minutes 
to effect poiymertzation of 1,3-butadiene. 

2,4-DltBrtiai-butyt-p-cresol, 0.75 g. Is added to the 8yndlotactic-1,2-pdybutadiene resin-produced liquid. 

20 Then, the resulting liquid is added into 1,000 mi of methanol, thereby precipitating a 8yndiotactic-1,2-poiybu- 
tadiene resin. 

The thus obtained syndiotactic-1 ,2-polybutadiene resin is further washed with methanol, and methanol is 
fOtered off, followed by vacuum drying. 

250 ml Given carbon black was added to the thus obtained resin, which is kneaded for three minutes at a 
25 temperature higher than a melting point of the resin by using a laboratory plastomill. 

Composite particulates of the syndiotactio-1 ,2-polybutadiene resin having a given average particle diameter is 
obtained from the thus produced 8yndiotactio-1,2-polybutadiene rsstn-ccmposits nr^rial by an ordinary method. 

The nr^thod for producing the resln-oomposlte particulates to be used in the present Invention is not limited 
to the above-mentioned one, and any other appropriate producing method may be employed. 
30 In the second aspect of the present invention, it is unnecessary to limit ttie kind of the rubber constituting 
the rubber composition in which the composite particulates of the syndk»tactio-1,2-poiybutadiene resin are in- 
corporated as well as the kinds of a fiHer and other chemical to any specifk: ones, and ordinarily used rubber, 
filler, chemical, etc. may be employed. 

For example, as the rubber component, natural rubber, polylsoprene rubber, polybutadlene rubber, slyr- 
35 ene-butadiene copolymer rubber, styrene-isopranebutadlene terpolymer rubber, s^ne-lsoprene copolymer 
rubber, and isoprene-butadiene copolymer rubber may be recited. The rubber oomposition used in the tread 
may include a filler, an antioxidant, a vulcanizator, a vulcanization accelerator, etc. The kinds and the anrwunts 
of these additives may be selected anK>ng the ordinary ranges, and are not limited to any specific ones. 
According to the second aspect of ttte present Invention. It is preferable that the tread robber has dosed 
40 cells at a foaming rate of 3 to 35 %. Such closed cells are effective in exhibiting excellent performances on ice 
and snow through increasing microscopic water absorption-drainage effect due to the cells in a state that ice 
is abundant witt) water melted on its surface near ^'C. The foaming may be effected either by using a foaming 
agent or by mUing witti a gas under high pressure. If the foaming rate is less than 3%, the foaming effect cannot 
be suffldenfly exhibited. On the other hand, the foaming rate is unfavorably more ttian 35%, because the rigidity 
45 of the tread becomes insufTident. so that wear resistance lowers and occurrence of cracks on bottoms of 
grooves becomes greater. 

As mentioned above, tiie foamed rate of ttie foamed robber is expressed by the fdlowing formula: Vs « 
{(po - pi)/(pi - po) - 1} X 100 (%), which may be approxlnuited to Vs s {(po - p^) - 1} x 100(%). When the foamed 
robber is employed as the matrix, the resin-composite particulates are dispersed in tiie foamed robber. 
80 In the pneumatic tire according to the second asped of the present inventkm, the rubber oomposition in- 
duding the above-mentioned syndlotactic-1 ,2-polybutadiene resin and composed of the non-foanted orfoamed 
robber as the matrix may be arranged in the entirety of the tread robber or in only a cap portion of the tread 
having a cap-base oonstroction. 

In the foikiwing, the present invention wll be explained witti reference to examples and oomparattve examples. 
55 First, methods for measuring various physical properti softheexampi s and comparative examples will 
be explained. 
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1 . Melting point of crystalline syndl tactlo-1 ,2-polybutadien resin: 

The iBsIn was heated at a heating late of 1 0^CAnln In a temperature range from Z(y*C to 250*C, and an en- 
dothem^c peak was obtained by using a differentiaj thennal analyzer DSC 200 manufactured by SHKO ELEC- 
5 TOONICSCOMLm The melting point of the resin was delemiined based on the th^ btained endothenroc peak. 

2. Measurenwnt of nitrogen-adsorption spedffe surface area of carbon biack: 

Nitrogen-adsorptton spedfte surface area of carbon black was measured acooniing to ASTM D3037-84. 

10 

3. Testing of physical properties of tread rubber 

(1) Measurement of coefficient of friction on Ice 

IS The coefficient of fnction on ice of the rubber composition, particulariy the coefRcient of friction on ice near 
0»C in a wet state, was measured witti use of a dynamic-static friction coefficient meter nrwrnufadured by ICYO- 
WA KAIMEN KAGAKU, CO., LTD. by contacting a surface of a sample (sample dinwnsions: 10 mm long, 10 
mm wide and 5 mm thick) obtained from a slab sheet produced by ordinary vuicanbatfon with Ice having a sur- 
face temperature of -O.S'^C. 

20 The measuring conditions were a load of 2 kgl/cm^ and 5 kgf/cm^ for a passenger car radiai tire (small size 
tire) and a truck-bus radial tire Qwge size tire), respectively, a sliding speed of 10 mm^sec, a surrounding tem- 
perature of -2''C, and ttie toe surfece sbsite being substantially a mirror. 



(2) Tests for performances of small size tkes 

Each sman size tire PSR (165SR13) was prepared, subjected to ordinary running as idling over 50km, and 
tested to check each test Item. Similar small tires were used In ttte following brakabilify test, wear resistance 
test and wet skid resistance test 



30 a) Brakability on ice: 

Four tires to be tested were fitted to a vehicle having a displacement of 1500 cc, and a braked distance 
was measured on Ice at an open temperature of -5*C. 

In tfie following Experiment 1, test results are indicated by index, taking tiiat of Comparative Example 1-1 
$5 as control tire as 100. 

In ttie following Experiment 3, test results are indicated by index, taking ttiat of Comparative Example 2-7 
as control t're as 100. 

The greater the value, the more excellent Is the brakability on ice. 



40 b) Wear resistance: 

Two tires to be tested were fitted to a driving shaft of a passenger vehicle having a displacement of 1500 
cc. and mn on a concrete road in a test course at a given speed. Change In deptti of a groove was measured. 
In Experiment 1, test results are Indicated by Index taking that of Comparative Example 1-1 as control tire as 
45 100. In Experknent 3, test results are indicated by index, taking ttiat of Comparative Example 2-7 as control 
tire as 100. The greater Uie value, ttie more exceDent is ttie wear resistance. 



c) Wet skid resistance: 

80 Four tires to be tested were fitted to a vehtele having a displacement of 1500 cc, and rapkliy braked from 

80 knWh on a wet concrete road having water at a depth of 3 mm, and a distance required until ttie vehicle stop- 
ped after ttie tires were locked was measured. SkkJ resistance on wet road (wet skid resistance) of ttie tested 
tires was evaluated based on the following equation: 
In Experiments 

In Experiment 3, 
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Wed skid resistance = Stopped distance of Comparative Example 2 - 7 as control tire ^ 

Stopped distance of test tires 
The greater the value, the wet skid resistance is the more excell nL 

5 (3)Te8t8fbrperfonmance8oflarg size tires: 

Each large size tire TBR (1000R20) was prepared. Tires were fitted to a driving shaft of a 8-ton 2D type 
truck under a 100% loaded condition, subjected to ordinary running as Mling over 150 km, and tested to check 
each test item. 
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a) Brakabflity on loe: 



Four tires to t>e tested were fitted to all wheels of a 8-ton 2D-type truck under a 100% loaded conditton, 
the tires were subjected to full lock braidng from 20 km/h. and a braked distance at which the vehicle was stop- 
15 ped was measured. The temperature of ice was -5"^. 

In the fdlowing Experiment 2, test results are Indicated by Index, taking that of Comparative Example 1 -7 
as control tire as 100. 

in the following Experiment 4, a 8-ton 20-type truck was used instead of the 8-ton 2D-type buck in Experi- 
ment 2. Test results are indicated by index, taking that of Compaiatiye Example 2-8 as control tire as 100. 
20 The greater the value, the more excellent is the brakability on ice. 



b) Wear resistance: 

Tires were fitted to entire wtieels of the 8- ton 2D-type truck undera 100% loaded cond'itk)ns, and actually 
25 am under ordinary conditions. Change in depth of a groove after 50,000 km running was measured. In Experi- 
ment 2, test results are Indicated by Index taking that of Comparative Example 1-7 as control tire as 100. In 
Experiment 4, test results are indicated by Index, taking that of Comparative Example 2-8 as control tire as 
100. The greater the value, the more excellent is the wear resistance. 

In the following Table 1 , the average partide diameters and the melting points of the crystalline syndtotactio- 
30 1 ,2-polybutadiene resins used in examples and comparative examples are shown. 

The average parUde diameter was measured by using an air Jet sieve grain size meter. 200LS type man- 
ufactured by AI-PINE Co., Ltd. 50% Accumulated partide diameter was taken as the average partide diameter. 



Table 1 



Kind of lesin 


A 


B 


C 


D 


B 


F 


6 


H 


Average particle 
diameter {fan) 


2.5 


18 


80 


120 


310 


570 


120 


120 


Melting point of 
crystalline 
resin (•C) 


140 


121 


194 


139 


170 


137. 


87 


106 



Experiments 1 and 2 

Each of Tables 2 and 3 shows a compounding recipe of various partkxjiate syndlotactio-i ,2-polybutadlene 
resins shown in Table 1 and rubber matrixes combined (parts by weight) as welt as physical properties of vul- 
50 canlzates of these particulate-containing rubbers and perfbnnances of tires in which each of the thus obtained 
partkMjIate-mbced rubbere was employed in a tread of the tire. More particularly. Table 2 shows results of pas- 
senger radial tires (PSR) [Experiment 1], and Table 3 shows those of truck-bus radial tires (TBR) 
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[Experiment 2]. 
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TaU 2 shows iBSk results in tti perfonnanoe-evaluating tests for the passenger car radial tires, an^ 
fbOowing Is oonfbmed from this TMe 2. 

That is, In Examples 1-1 to 1-4, the syndlotactic-l ,2-polybutadlene resin B, C. D or E sailing the require- 
ments of the present Invent! n with respect to the average partid diameter and the melting point of the crys- 

9 taDine resin was incorporated in an amount of 20 parts by weight In Comparative Examples 1-2 to 1-5, the 
resin A, F, G or H not satisfying such requirements was Incorporated. As compared with Cornparatlve Examples 

1- 2 to 1-5, it is seen from Table 2 that Examples 1-1 to 1-4 had largely Improved brakabllty on Ice. whQe almost 
not deteriorating wet skid resistance or wear resistance. (The results are compared through Comparative Ex- 
ample 1-1 as control tire). 

10 in Examples 1-5 and 1-6, the syndlotactio-1 ,2-polybutadiene resin D satisfying the above rsqulrements of 
the present invention was compounded into the tread rubber, and a foamed rubber was used as the matrix njt>- 
ber. In Examples 1-5 and 1-6, the brakabSity on ice could be further improved without alntost deteriorating other 
tire perfonnances. In ConY)arative Example 1-6, no such a resin was compounded, but a foamed rubber was 
used abne. In Comparative Example 1-6, the brakability on Ice was improved, but wear rasistanoe was not 

15 satisfactory. 

Next. Table 3 shows test results in the performance-evaluating tests fbr the truck-bus radial tirss, and the 
following is confirmed from this Table 3. 

In Exantples 1-7 to 1-1 0, the syndtotactio-l ,2-polybutadl6ne rasln D satisfying the requirements of the pres- 
ent Invention was inoorpoFatsd into a tread rubber in a compounding recipe specified in the present inventbn. 
20 In Comparative Examples 1-8 to 1-1 0, the compounding ratio of the resin D fell outskJe the range in the present 
inventton. As compared with Comparative Examples 1-8 lo 1-10, the brakability on Ice was largely Improved 
in Examples 1-7 to 1-10, whfle wear resistance is not almost tost (TTie results are compared through Compar- 
ative Example 1-7 as control dre). 

In Example 1-11, the 8yndk)tactlG-1,2-polybutadine resin D satisfying the requirements of the present in- 
25 vention was Incorporated into a tread robber in a compounding recipe specified in the invention, and a foamed 
robber was used as the matrix robber. In Example 1-11, brakability on ice codd be further improved, whDe not 
almost deteriorating other tire performances. In Comparative Examples 1-11 and 1-12, the resin was Incorpo- 
rated In an amount falling outside the compounding recipe specified In the present Invention, although a foamed 
robber was used. In Comparative Examples 1-11 and 1-12, brakability on ice was improved, but satisfactory 
30 wear rasistanoe could not be obtained. 

As mentk>ned above, according to the first aspect of the present lnventk>n, since the robber oompositkMi 
in which the particulates having the specific strocture are incorporated in a given anKxjnt is used as the robber 
composition for the tread, satisfactory drlvablllty and brakabDIty are remarkably Improved in dry-on-lce condi- 
tions as weO as in wet-on-tee conditions, whie oomering stabDity, durability and low fuel consumptton required 
35 in the summerseason or during ronning on ordinary roads are not ainwst deteriorated. Therefore, the pneumatk: 
tire according to the present inventten can be called the all-season tire in a real sense. 

in the following, the second aspect of the present Invention, w3l be explained with reference to specific 
examples. 

40 Experiment 3 

The compounding recipe and test results of tread robbers will be shown in Tables 4 (Examples 2-1 through 

2- 10) and Table 5 (Comparative Examples 2-1 through 2*8). This Experiment 3 relates to the tests for perfor- 
mances of the above-menttoned small size tires. 

45 In Examples 2-1 through 2-8 of Experiment 3, the matrix other than the partteulatas was a non-foamed rob- 
ber, and a foamed robber was used In Examples 2-9 and 2-10. 

Kinds and physical properties of the resin-composite particulates in Tables 4 and 5 are shown in Table 6. 
The resln-composite partteulates A through H fall In the scope of the present Invention, and the resln-com- 
poslte particulates 1 through M fall outside the scope of the invention. 
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As mentioned abov , in Examples 2-1 through 2-10, the coeffici nt of firic:tk>n on ice of th tread mbber 
could be made fer greater as compared with the comparative xampies, while wear resistance or wet skid re- 
sistance was n t deteriorated. Thus, it is s en that wh n such a rubber composition is used in the pneumatic 

12 
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tire, brekabiity on ioe can be largely bnprov d. 

Particulaily, It la seen that In Examples 2-9 and 2-10 using the foamed nibber as the matrix of the tread 
rubber, brakablity n Ice and w t roads could be remarkably Improved. 

To th contrary, in Comparative Examples 2-1 through 2-6. the resln-composits particles I to M wars irv 
5 oorporated, and In Comparativ Example 3-7, the compounding ratk> of th particulates fell outside th scope 
of the present inventton. In these Conipafative Examples 2-1 through 2-6 and 3-7, brakabllity on ice and wet 
roads was at low levels. 

Experiment 4: 

10 

Table 7 shows the compounding recipe and test results of tread rubbers (Examples 2-1 1 through 2-1 3 and 
Comparative Examples 2-8 through 2-1 1). Experiment 4 relates to test rssultB of performances of the above- 
mentioned large size tires. 

In Examples 2-1 1 and 2-12 of Experiment 4, ttie matrix other ttian the particulates was a non-foamed rub- 
15 ber, and in Example 2-13, the matrix was a foamed rubber. 

The kinds of the resin-composite particulates are shown In Table 6. 
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As shown above. In Examples 2- 1 1 through 2-1 3, the cx^efflclent of friction on Ice of the tread rubber was 
for increased as compared with Comparative Examples, while wear resistance was not deteriorated. Thus, 
55 whenth rubb r composition in any neofExampI s 2-11 through 2-13, bral(ab3ityon-ice can by remaricably 
improved. 

In particular, it Is seen that in ExampI 2-13 using the foamed rubb r in the matrix of the tread rubber, brak- 
abiiity on ice has been greatiy improved. 
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To the oontrary, Comparative Example 2-8 containing n resin particulates and Comparative Examples 2- 
9 and 2- 1 1 containing the particulates felling outside the scope of the present Invention, bfakabllHy on Ic was 
at low levels. 

As mentioned abov .since the pn umatic tire ofthe present Invention uses, as the tread mbber, the aibber 
5 oompositi n in which a given amount f resin-contposite particulates composed fth syndiotactio>1.2-poly- 
butadiene resin and the cartmn black are used and optionally fiirttier the matrix of ttie nibber composition ottier 
than the particulates Is made of the formed rubber, the present Invention can actually provide the so-called all 
season tte and the studless tires having drlvabllity and brakabllity on dry-on-lce road as well as on wet-on-lce 
roads remarkably improved, while neither cornering stablity nor wear reststance in the summer season are de- 
10 tariorated. 



Claims 

15 1. A pneumatic tire having a tread composed of a rubber composition, said rubber composition including a 
rubber component and particulates of a crystalline syndiotactio-1,2-polybutadiene resin or particulates of 
specific 8yndiotactic*1 ,2-polybutadlene resin-composite material, ttie particulates having an average par- 
ticle diameter of 10 to 500 ^m, the melting point of said crystalline syndiotactio>1.2-polybutadiene resin 
being not less than 1 1 0^C. and the compoun di ng ratio of the said resin being 5 to 80 parts by weight rsiative 

20 to 100 parts by weight of said rubber composition. 

2. A pneumatic tire as claimed in daim 1, 

characterized in that a matix portion of tiie mbber composition of the tread rubber is a foamed rubber. 

25 3. A pneumatic tire as claimed In daim 1, 

characterized In that the particulates having an average partlde diameter of 10 to 500 \im are resin-conrh 
posite particulates composed of a crystalline syndiotactio-1,2-polybutadiene resin having a melting point 
of not less than ^WC and a carbon black, the compounding ratio of tiie resin-composite particulates being 
5 to 60 parts by weight relative to 100 parts by weight of ttie nibber component and the resin and the 
carbon black satisfying the following Inequalities: 250 < X <•> 10 Y < 1300 in which X Is nttrogen-adsorption 
specific surface area (unit m?/g) and Y is compounding ratio of ttie carbon black (parts by weight) relative 
to 100 parts by weight of the resin. 



30 



35 



40 



A pneumatic tire as daimed in daim 3, 

characterized In that the rubber component constituting a matrix portion of ttie mbber composition of the 
tread rubber other than the particulates is a foamed rubber. 

A pneumatic tire as claimed in any of daims 1 to 4, 

characterized in that the tread has a cap-and-base construction, and said rubber composition is used in 
the cap. 

8. A pneumatic tire as daimed in any of daims 1 to 5, 

characterized In that a foaming rate of the tread rubber Is 3 to 35. 

7. A pneumatic tire as daimed in any of daims 1 to 6, 

45 characterized in that an average ratio between a major axis and a minor axis of the resin particulates is 
not more than 6. 

8. A pneumatic tire as daimed in any of dalms 1 to 7, 

characterized In that the mbber component is selected from natural mbber, polyisoprene mbber, polytMJ- 
50 tadiene mbber, styrene-butadiene copolymer mbber, styrene-lsoprene-butadiene terpolymer, styrene- 

isoprene copdymer mbber, and isoprene-butadiene copolymer mbber. 
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